Effect of Foliar Spray of Gibberellin on the Incidence of
Internal Browing in Roots of Japanese Radish Takao Kawai, Mitsuharu Hikawa and Toshihiro Fujisawa Okayama Prefectural Agricultural Experiment Station, Sanyo, Okayama 709-08 Summary Effects of GA3, uniconazole, and the their combination treatments on the incidence of internal root browning, polyphenol contents, and polyphenol oxidase activity in roots of Japanese radish were investigated. 1. Foliar sprays of 50 to 150 ppm GA3 reduced the incidence of internal root browning; the most effective concentration was 100 ppm GA3. Foliar sprays of 10 and 20 ppm uniconazole increased the incidence of internal root browning. Polyphenol contents and polyphenol oxidase activity in roots were decreased by GA3 but increased by uniconazole.
The combined treatment
of GA3 applied to leaves and of super phosphate applied to the Ando soil decreased the incidence of internal root browning more effectively than did each as a single treatment.
Polyphenol contents and polyphenol oxidase activity in roots were lower in a combined and single treatments than in untreated control.
Introduction
The browning of plant tissues induced by high temperature or lack of boron, is caused by the ezymatic oxidation of phenolic compounds; the brown color is visible when polyphenols are oxidized by its oxidase (Nakabayashi, 1977; Reinert and White, 1956; Shokolnik, 1984) . The polyphenol contents and the polyphenol oxidase activity in roots of Japanese radish, Raphanus sativus L., were involved in the internal browning (Kawai et al., 1992) . Applications of gibberellin and boron decrease the concentration of phenolic compounds (Korableva et al., 1971) , whereas polyphenol oxidase activity is decreased in wheat by the treatment with GA3 (Kumar et al., 1981) . Gibberellin decreases the contents of dipherlla acid which is a kind of phenolic compounds and also decreases the activity of phenylalanine ammonialyase (PAL) which promotes the synthesis of phenolic compounds (Kamisaka, 1989) . Moreover, GA3 and IAA are effective in preventing the blacking of Japanese pear pericarp (Yamazaki et al., 1988) . Super phosphate applied to the Ando soil reduced polyphenol contents and polyphenol oxidase activity concomitantly with internal browning in roots (Kawai et al., 1993) .
In this study, effects of applications of GA3 alone and in combination with super phosphate on the root browning, polyphenol contents and polyphenol oxidase activity were investigated.
Materials and Methods
The Japanese radish, `Natsuminowase' was grown in an open field to which nitrogen, phosphate, and potassium were applied at the rates of 1.3, 0.8, and 1.1 kg•a-1 as basal fertilizer, respectively. The percentages of the internal root browning were recorded by cutting the roots longitudinally through the center of the root; those showing any discoloration were designated as being damaged (Kawai et al., 1992) . The degree of disorder of roots was calculated by the formula described below, according to nine indexes of the damage on the cross section of the central part of roots. Seeds were sown in July 5, 1993 in the Ando soil to which super phosphate was applied one day before sowing at the rate of 80 kg•a-1.
The control plot recived no super phosphate.
Plants were sprayed with 100 ppm GA3 5 and 6 weeks after sowing. Five roots were sampled at 1 week interval for analysis of polyphenol contents and polyphenol oxidase activity, and 48 roots were examined at the end of experiment to evaluate the incidence of root browning.
Results

Effect of GA3, uniconazole and their combined treatment on root browning
The leaves treated with GA3 grew vertically, Table 1 . Effect of GA3 on the incidence of internal browning in Japanese radish roots. whereas the uniconazole-treated one grew horizontally. The fresh weight of roots decreased as GA3 concentration increased. The incidence of root browning as well as severity of the disorder were reduced by each concentration of GA3 (Table 1) .
Uniconzole treatment also decreased fresh weight of roots but increased the incidence of root browning and the severity of the disorder (Table 2) .
Treatment with GA3 following uniconazole overcame the effect of uniconazole on root browning, which resulted in similar degree of disorder to that of control, whereas treatment with uniconazole following GA3 completely nullified the effect of GA3, and induced high percentage of root browning. However, the severity of the disorder was not enhanced by uniconazole treatment (Table   3 ).
Effect of GA3 and uniconazole on polyphenol contents and polyphenol oxidase activity in roots
Polyphenol content in roots decreased gradually form 3 days after GA3 treatment, compared with that of the control, and became constant on the 9 th day. Its content was enhanced by uniconazole treatment to a maximum on the 9 th day, and then decreased rapidly to approximate that of the control. Polyphenol oxidase activity was lower in GA3-treated but higher in the uniconazole-treated roots 6 days after treatments, compared with the untreated control (Fig. 1) . In this experiment, browning was not observed in any roots unitl the 9 th day; on the 13 th day discoloration appeared in the uniconazole and the untreated control roots but not in the GA3-treated ones.
3. Effect of combining GA3 and super phospate on root browning, polyphenol contents and polyphenol oxidase activity Table 3 . Effect of applying GA3 and uniconazole solely or in combination on the incidence of internal browning in roots. The incidence of root browning and the severity of the disorder decreased with GA3 and super phosphate treatments. The combination of GA3 and super phosphate treatment was more effective than each alone (Table 4) . Likewise, the combined treatment lowered polyphenol contents in roots more than that in the untreatd control. But, there were no differences among the three treatments for 6 to 8 weeks after sowing. Polyphenol oxidase activity in treated roots was also lower than in the untreated control; it was lowest in the combined treatment, followed by separate treatments. Differences in the enzyme activity in roots between the combined treatment and the untreated control decreased gradually with time after GA3 treatments (Fig. 2) .
Discussion
The incidence of internal browning in roots occurs more often at high ambient temperature in summer, especially with elevated soil temperature during the latter half of the growing period (Kawai et al., 1992) . In the present study, increases in polyphenol contents and polyphenol oxidase activity in the roots preceded the apperance of internal browning. This result suggests that the increases of phenolic compounds and polyphenol oxidase activity are involved in internal browning in roots.
Phenolic compounds in plant tissues can be decreased by gibberellin treatments (Korableva et al., 1971) . In our study, GA3 reduced the internal browning, polyphenol contents, and polyphenol oxidase activity in roots. This effect of GA3 was reversed by uniconazole which interferes with gibberellin biosynthesis (Oshio et al., 1990) . Treat- (Kawai et al., 1993) . This is because polyphenol contents at sampling time reflects an equilibrium between the rates of synthesis and oxidation of polyphenol.
Thus, decreasing polyphenol oxidase activity is may be an indicator for the inhibition of internal browning.
